The DNA of a multiply-enveloped nuclear polyhedrosis virus (MNPV) of the cabbage moth Mamestra brassicae (Mb), isolated from the beet armyworm Spodoptera exigua, was analysed using restriction endonucleases SmaI, BamHI, BgllI and PstI.
INTRODUCTION
Nuclear polyhedrosis viruses (NPV) are insect pathogens that are members of the family Baculoviridae (Matthews, 1982) . About 500 viruses belong to this family and are reported from a multitude of insect species, mainly Lepidoptera and Hymenoptera (Martignoni, 1984) . These viruses have a limited host range and are one of the factors affecting the density of natural insect populations.
An NPV of the multiply-enveloped (M) type was isolated from the beet armyworm, Spodoptera exigua (Se), but the virus isolate (MbMNPV-NL82/1) was also infectious to the cabbage moth Mamestra brassicae (Mb) . Both insect pests occur in The Netherlands, and the potential of NPVs to control these insects is being investigated (Vlak & Gr6ner, 1980; .
In this communication, we present a physical map of the DNA of the MbMNPV-NL82/1 isolate, which appeared to be a variant of MbMNPVs described previously (Vlak & Gr6ner, 1980) .
The map was derived by ordering Sinai, BamHI, BgllI and PstI restriction fragments on the circular genome. A putative polyhedrin gene sequence was detected and used to orient the physical map. This map should now facilitate the comparative study of genome structure and organization of the various MbMNPV variants.
METHODS

Insects and virus.
Larvae of the beet armyworm S. exigua (Lepidoptera: Noctuidae) were collected from chrysanthemums grown in a glasshouse near Aalsmeer, The Netherlands. An S. exigua culture was established and main-v.P. WlEGERS AND J. M. VLAK Isolation of viral DNA and DNAfragments. Viral DNA was isolated from occluded virions that were alkali-liberated from polyhedra, as described by Smith & Summers (1978) . The viral DNA was stored in TE buffer (0.01 MTris-HCl pH 7.5, 0-001 M-EDTA) at 4 °C in a concentration of 50 to 100 ~tg/ml until use.
DNA fragments were sliced from preparative agarose gels and removed from the agarose by electro-elution according to a modified procedure after Allington et al. (1978) . The electro-elution buffer contained 0-01 ~-Tris-HC1 pH 8-6, 0-05 M-glycine and 0.1 ~ SDS. AcMNPV DNA fragment HindlII V was obtained in a pBR322 clone (pV36) and is described by Smith et al. (1983) . Th e plasmid DNA was prepared using the boiling method of Holmes & Quigley (1981) . The DNA fragments were stored in TE at -20 °C.
Restriction endonuclease analysis of DNA. Purified DNA was digested with the restriction endonucleases BamHl, BgllI, Sinai and PstI (obtained from Boehringer Mannheim) and analysed as described by Maniatis et al. (1982) . Double-digestions were carried out by digesting the DNA first with one endonuclease followed by ethanol precipitation and redigestion with a second enzyme. The DNA fragments were separated by electrophoresis on 0-7 or 0'9~0 agarose slab gels.
The length of MbMNPV DNA fragments (in kilobase pairs, kbp) was determined by co-electrophoresis with EcoRI, HindlII and BamHI digests of Autographa californica MNPV DNA taking the values of Cochran et al. (1982) as a reference. The lengths were computed using the method of Southern (1979) . The fragments were designated A, B, C etc. according to size, where A is the largest fragment. Two fragments of similar size have doubleletter designations (e.g. BgllI CD) according to the proposal of Vlak & Smith (1982) .
Southern blot hybridization. MbMNPV DNA restriction fragments or plasmid DNA were radiolabelled with [c~-3:P]dATP by 'nick-repair' according to Rigby et al. (1977) to high specific activity (> 5 x 106 c.p.m./~tg DNA). The labelled DNA was hybridized to DNA restriction digests, that were transferred bidirectionally to nitrocellulose sheets (BA 85, Schleicher & SchiiU) according to Smith & Summers (1980) , a modification of the Southern (1975) blotting technique. The DNA blots were pre-incubated in a hybridization solution containing 3 × SSC (1 x SSC is 0-15 M-NaCI, 0.015 M-sodium citrate, pH 7.5), 5 x Denhardt's (1 x Denhardt is 0-1 ~ Ficol1400, 0-1 ~ bovine serum albumin fraction V, 0.1 ~ polyvinylpyrrolidone 25000 to 30000 tool. wt.) and 100 gg per ml calf thymus DNA.
The 32p-labelled DNA was denatured for 5 min at 100 °C and approx. 106 c.p.m, were added to the hybridization solution (50 gl/cm 2 of blot surface). After hybridization for 16 h at 65 °C to homologous DNA (MbMNPV DNA to MbMNPV DNA) or at 60 °C to heterologous DNA (AcMNPV DNA to MbMNPV DNA), the blots were washed at 60 °C successively with 3 x SSC (20 min) and 2 x SSC, 0.1 ~ SDS (twice for 15 min). The filters were then exposed to Kodak XS-1 X-ray film with an Ilford 'fast-tungstate' intensifying screen at -70 °C.
RESULTS
Nature of the MbMNPV isolate
As mentioned above, the MbMNPV isolate was obtained from a dead larva found in a glasshouse near Aalsmeer, The Netherlands. Preliminary experiments using the restriction endonuclease EcoRI indicated that there was a great deal of similarity with the EcoRI DNA restriction patterns of MbMNPVs described previously (Vlak & Gr6ner, 1980) , although the new isolate was not identical to these. In addition, this MNPV isolate from S. exigua was infectious to M. brassicae larvae. The EeoRI digestion pattern of the present viral DNA was not similar to that described for another MNPV from S. exigua also found in aDutch glasshouse (Vlak et al., 198l) . The latter isolate is thought to be a true SeMNPV isolate as it infects only S. exigua larvae.
In view of these observations, the isolate discussed here was considered to be a variant of MbMNPV.
Restriction endonuclease analysis of MbMNPV DNA
The DNA of MbMNPV was digested with restriction endonucleases SmaI, BamHI, BglII and PstI (Fig. 1 a) . With these endonucleases, six, seven, seven and 12 fragments of MbMNPV DNA were detected, respectively, ranging in size from 76 kbp for the largest (BamHI A) to 0.5 kbp for the smallest fragment (BamH1 G) ( Table 1 ). All fragments detected so far occurred at one molar frequency. Submolar fragments were not detected. With all four endonucleases the size of fulllength MbMNPV DNA amounted to approx. 152 kbp ( Table 1) .
The six possible double-digests of MbMNPV DNA were analysed on 0.7~ (Fig. 1 b) and 1 (data not shown) agarose gels in order to resolve high and low molecular weight fragments. In a few digests (Fig. 1 b , lanes 4 and 6) some minor bands were observed as a result of incomplete digestion. In many cases we were not able to detect the number of fragments in a double-digest Cochran et al., 1982) .
t Size estimated after digestion into smaller fragments with a second enzyme. theoretically expected from the number of fragments in the separate single digests (Table 2 ). It is likely that additional restriction fragments exist in the viral DNA, if these enzymes rendered fragments that escaped detection by ethidium bromide staining or hybridization. From the length of the double-digest fragments a total size of nearly 151 kbp was calculated for MbMNPV DNA (Table 2) , which is in close agreement with the size obtained from single digests (Table 1) .
Construction of the physical map
Hybridization studies of 32p-labelled BamHI and PstI fragments with single-and doubledigests of MbMNPV DNA (Tables 3 and 4) allowed the almost complete alignment of 30 SmaI, BamHI, BgllI and PstI fragments on the MbMNPV genome (Fig. 2) (Tables 1 to 4 ). The order ofPstl G and K could not be determined as both fragments were contained within fragments Sinai D, BamHI A and BglII B.
Orientation of the circular MbMNPV DNA map
According to the proposal of Vlak & Smith (1982) , the smallest fragment containing the polyhedrin gene should be taken as a zero point on a physical map of baculovirus DNAs. Therefore, 32p-labelled AcMNPV DNA fragment HindIII V, which is known to contain polyhedrin gene sequences , was hybridized to digests ofAeMNPV DNA (Fig. 3, lanes 1 and  2) and MbMNPV DNA (Fig. 3, lanes 3 to 6) . The 32 P-labelled probe hybridized, as expected, to AcMNPV DNA fragments EcoRI I and HindIII V, and to MbMNPV DNA fragments PstI A, Sinai A, BglII B and BamHI A. One of the double-digest fragments, BglII + PstI CD, was the smallest single fragment that hybridized to the 32 P-labelled probe (data not shown). The dashed area of the map (Fig. 2) indicates the boundary of the location of the polyhedrin gene. From the junctions PstI A/L and BglII CD/E the latter one was arbitrarily taken as the zero point of the linearized circular map (Fig. 2) . Since no other markers are known on the circular map, the clockwise fragment order was arbitrarily chosen as BgllI E -G -C D -B -F -A -C D .
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DISCUSSION
Although the virus used in the present study was found in S. exigua and therefore could be named after the insect, the other characteristics (DNA restriction patterns, infectivity to M. brassicae) suggested that this virus belonged to a group of already described NPVs of M. brassicae (Vlak & Gr6ner, 1980; Brown et al., 1981) . In order to prevent future confusion and in anticipation of a situation where the degree of DNA homology becomes a major criterion for baculovirus classification, this virus was described as an MbMNPV variant.
The DNA of MbMNPV was analysed with restriction endonucleases SmaI, BamHI, BglII and PstI. From single-and double-digests it was calculated that the size of the viral DNA was about 152 kbp (Tables 1 and 2 ). Thirty restriction fragments were ordered and located on the genome of MbMNPV (Fig. 2) . Only the order ofPstI G and K could not be determined as they were contained within fragments Sinai D, BamHI A and BgllI B. Using an overlapping EcoRI fragment, it appeared that the order G-K is most likely (P. Arens, personal communication). The BgllI and PstI restriction sites at map positions 9~ and 86~, the BamHI and BgllI site at map position 0~ and the BgllI and SmaI site at 40~ appeared to be closely adjacent. This situation might explain the failure to detect the theoretical number of double-digest fragments (Table 2) .
The mapping of the restriction fragments also provided evidence that the genome of MbMNPV is circular. This is consistent with the prevailing concept on the structure of baculovirus genomes (Harrap & Payne, 1979) . In order to orient the circular map, the HindlII V fragment of AcMNPV DNA, which codes for the complete 3'-end of the polyhedrin gene Hooft van Iddekinge etal., t983) , was used as a probe to locate polyhedrin sequences on MbMNPV DNA (Fig. 3) . By convention, these sequences were placed at the zero point of a circular map (Vlak & Smith, 1982) . The clockwise orientation of the fragment order was arbitrarily chosen because another marker on the circular genome is not yet available.
Physical maps of a few other baculovirus DNAs have been constructed, including those of AcMNPV (Miller & Dawes, 1979; Smith & Summers, 1979; Vlak, 1980; Liibbert et al., 1981 ; Cochran et al., 1982) and its variants from Trichoplusia ni and Galleria mellonella (Smith & Summers, 1979) , of Spodopterafrugiperda MNPV (Loh et al., 1981) and Heliothis zea SNPV (S = singly enveloped) (Knell & Summers, 1984) . However, the DNA of MbMNPV, the physical map of which is described in this paper, is considerably larger (152 kbp) than the DNA of other baculoviruses (about 124 kbp).
With the availability of the physical map of MbMNPV DNA the study of its structural and functional organization is now facilitated. Some eight other MbMNPV isolates with slightly different DNA digestion patterns are available from different geographical areas (J. M. Vlak, unpublished observation). Thus, using these variants it is now possible to identify the DNA restriction sites that are lost or gained during evolutionary or geographical diversion of the virus and host.
The finding that the host range of this MbMNPV isolate extends in nature to S. exigua may have some important implications with regard to its use as a biological pest control agent. Both S. exigua and M. brassicae rank among the most serious lepidopteran insect pests in the world (FAO/WHO, 1973) . From the production standpoint, it would be desirable to have a virus capable of controlling more than one insect pest. The MbMNPV isolate described in this paper may meet this condition.
